Abstract-Four novel gemini quaternary ammonium surfactants containing DSD acid-triazine structure were synthesized using a facile three-step synthetic route , from 4,4'-diamino-2,2'-disulfonic-stilbene (DSD acid), cyanuric chloride and dimethyl dodecylamine. The structures and optical properties of compounds (6a-d) were characterized by Fourier-Transform infrared (FT-IR) spectroscopy, UV-visible absorption spectra and fluorescence emission spectrum. The surface tension and the Critical Micelle Concentration (CMC) were evaluated. The result shows that the four compounds at lower concentrations can greatly reduce the surface tension of aqueous solutions. The spectroscopic properties of these quaternary ammonium salts are assessed for their effectiveness and potential as fluorescent brightening agents.
Introduction
Quaternary ammonium compounds (QACs) as surfactants [1] [2] and antibacterial activity [3] [4] [5] [6] are widely used in dyestuff, textile, medicine Industry and scientific research. Particularly, those owning two quaternary ammonium nitrogen atoms called gemini surfactants, seem to exhibit more effective antimicrobial activities. Because of the greater propensity to form micelles and the further efficient decrease of surface tension compared with the single-chain surfactant corresponding conventional counterparts, gemini surfactants were attracting growing attention. As well, DSD acid-triazine structure compounds (called fluorescent brightening agents) absorb light in the near ultraviolet region of the spectrum and emit the light of violet-blue fluorescence in the visible region (430-440 nm) [7] [8] , which were widely used for whitening textile, paper and biological staining [9] .
In this paper, we have reported the full details of syntheses of gemini surfactants with long chain quaternary ammonium group on triazine moiety. The newly synthesized compounds were prepared from DSD acid, cyanuric chloride and dimethyl dodecylamine in 3 steps with 80-85% overall yield. The structures and optical properties of obtained compounds were characterized. In addition, the surface tension and the Critical Micelle Concentration (CMC) of the four compounds (6a-d) were evaluated.
Experimental

A. Synthesis of compound 3
The synthetic course is shown in Scheme 1. Characterization data as shown in Table. 1. Cyanuric chloride (1) (18.4 g, 0.1mol) was added to the mixture solution of dimethyl dodecylamine (2) (21.3 g, 0.1mol) in water (1000 mL) at 0 . After the addition was completed, the reaction mixture was adjusted with 10% sodium hydroxide to maintain pH 5 and stirred for 2.5 h at 0-5 . Then the precipitate was filtered and dried to obtain compound 3 in 95% yield. 
B. Synthesis of compound 5
Compound (3) (15.9 g, 40 mmol) was added a solution of DSD acid (4) (7.4 g, 20 mmol) and NaOH (1.6 g, 40 mmol) in water (400 mL) at the room tempreture. After the addition was completed, the reaction mixture was warmed to 40-45 and stirred for 4 h. The reaction mixture was transferred to a beaker and acidified to pH 5 with 4 M HCl solution. The precipitate was filtered and dried to obtain compound 5 in 96% yield.
C. Synthesis of compounds 6a-d
NaOH (0.21 g, 5.2 mmol) was added a solution of compound 5 (2.84 g, 2.6 mmol) in water (150 mL). The reaction mixture was stired and warmed to 100 for 5 h. Halohydrocarbon (5.2 mmol) was added to the reaction mixture at 100 for 5 h. The reaction mixture was transferred to a beaker and acidified to pH 6 with 4 M HCl solution. The precipitate was filtered and dried to obtain compounds (6a-d) in 80-85% overall yield. 
Results and discussion
D. UV/visible absorption and Fluorescence measurements
Steady-state fluorescence spectra were recorded on a Perkin Elmer, L50 spectrofluorimeter instrument. All experiments were carried out using freshly prepared solutions containing 2×10-2 g/L of the compounds (6a-d) in deionized water and adjusting solution to pH 9 with NaOH aq, using a 10 mm quartz cuvette. As shown in From the Fig.2 , The four compounds in aqueous solution emit fluorescence in the 370 ~ 540 nm, the most intense between the 433 ~ 450 nm. Because of the common structure, the products have the similar shape of fluorescence emission spectra curve. the products have the similar shape of fluorescence emission spectra curve.
UV/visible absorption and fluorescence emission maxima of the compounds as shown in Table. 2. From the Fig.1 and Fig.2 , the compounds (6a-d) can be used as fluorescent brightening agents. 
E. Surface tension measurements
7KH VXUIDFH WHQVLRQV Ȗ RI DTXHRXV VROXWLRQV RI WKH surfactants (6a-d) were measured by the Du Nouy ring method at 303 K. The surface tension was measured three times for each sample with a 40 minute interval to ensure that the data was equilibrium between each reading. The critical micelle concentration (CMC) values were determined using a series of aqueous solutions of the surfactants at various concentrations, and estimated from the break point of each surface tension versus concentration on curves. The values of surface tension decrease continuously critical micelle concentration (CMC) values were determined using a series of aqueous solutions of the surfactants at various concentrations, and estimated from the break point of each surface tension versus concentration on curves. The values of surface tension decrease continuously and then become almost constant along a wide concentration range as shown in Fig. 3 . The ability of the surfactants to lower surface tension at the &0& ȖFPF ZDV FDOFXODWHG 7KH ȖFPF DQG &0& YDOXHV DUH shown in Table 3 . The instrument was calibrated against double distilled water at the time of measurement. Generally surfactant refers to a class of compounds which can greatly decrease the surface tension in lower concentration aqueous solution compared with other solutes. With experimental detection, these four compounds called surfactant of quaternary ammonium salt showed remarkable ability to reduce the surface tension in the low concentration aqueous solution. The surface tension and surface activity of surfactant were considered and proved to be related to many factors such as the kind of compensation ion, electrostatic interaction, electrostatic shielding effect, the countra-ion combination, temperature and other element. Among the four compounds we synthetized, that their countra-ions are all chloridion, however with the different substituent groups attaching the parent VWUXFWXUH OHDG WR WKH GLIIHUHQFH RI ȖFPF DQG &0& PHDVXUHG valXH EHWZHHQ WKH FRPSRXQGV 7KH PHDVXUHG YDOXH RI ȖFPF RI the compound whose substituent group is benzene ring is the minimum as well as that the one whose substituent group is double bond or epoxy compound is the maximum. The existence of benzene ring who is non-polar group gives rise to the sparse arrangement in the water surface of the surfactant, and changes the ability of interfacial adsorption which is attributed to the strong hydrophobic role between benzene rings. Therefore, this has the lower surface activity compared with other higher ones. But among the four compounds, this has the highest surface activity as the strongest ability of reducing the surface tension of the aqueous solution. Both the two types of compounds with epoxide group and double bond KDYH WKH VLPLODU PHDVXUHG YDOXH RI ȖFPF EHFDXVH RI WKH FORVHG electrostatic shielding effect, the similar countra-ion combination, the minor difference of the ion volume, the nearly equal ability of interfacial adsorption and the similar degree of difficulty to form micelle of the two, which is consistent with the test results. Consequently, this type of compound is a growing in hydrophobic material researching.
Conclusions
Through a simple three-step condensation reaction, we obtained the four new gemini quaternary ammonium surfactants containing DSD acid-triazine structure with high yields. The obtained compounds were characterized by UVvisible absorption spectra, fluorescence emission spectra and IR spectroscopy. The surface tension and the Critical Micelle Concentration (CMC) were investigated. The result showed that the compounds (6a-d) have better optical performance as fluorescent brightening agents and can greatly reduce the surface tension of aqueous solutions at lower concentration as new gemini surfactants. 
